1. Introduction {#s0005}
===============

Human populations around the world are not only extremely diverse but also show wide adaptability to their respective local environment. Such kind of adaptation is needed not only due to difference in their food habits but also due to the development of tolerance against the microbial world around us [@b0060]. Genetic markers play a very important role in the study of the gene-disease and gene-environment interactions. Balancing selection is a major factor which shapes the innate immune system. Furthermore, genes of the immune system are under constant evolutionary pressures [@b0025]. The immune-related genes keep on changing during the evolutionary process because of their continuous encounter with the environmental antigens thereby influencing disease susceptibility [@b0005], [@b0075]. This study proves how the environmental pathogens influence the modification or change of different markers under different conditions. TLRs are among those markers which can specifically recognize the conserved molecular patterns like Pathogen Associated Molecular Patterns (PAMPs) and danger-associated molecular patterns (DAMPs) [@b0015]. Genetic variations in TLRs may induce or inhibit the susceptibility of some diseases. It was also proved that strong pressures exerted by infectious diseases like plague may influence the convergent evolution of some of the TLRs in some human populations (European and Rroma) in recent times [@b0065]. The present investigation has been aimed to study the frequency pattern of ten TLR genes in Rajbanshi population in North Bengal Region of India. Rajbanshi population is an ethnic caste group found in North Bengal and neighboring areas [@b0055]. Koch and Rajbanshis are actually two different tribes but united by the great king into one and named as Koch-Rajbanshi [@b0055]. They are the inhabitants of Jalpaiguri and Cochbehar districts of North Bengal. Previous studies on HLA and KIR genes revealed the influence of East Asian lineages on the Rajbanshis [@b0070], [@b0010], [@b0045]. Their main dialect is Bengali in this region and they are mainly Hindu in their religion. However, recently this population has mixed with the Indo-Aryan and with the Dravidians lineages [@b0020]. Herein, the frequency and distribution of 10 TLR genes in the ethnic Rajbanshi population have been studied to find out how the local environmental pressure/selection shapes the TLRs profile of a population.

2. Materials and methods {#s0010}
========================

2.1. Study design {#s0015}
-----------------

Blood samples were collected (*n* = 85) from the region of Cooch Behar, Jalpaiguri and adjacent areas of Siliguri where they inhabit mostly (26° 20′--27° 03′ N and 88° 18′--89° 29′ E). The samples were collected on the basis of their ethnicity, caste and health conditions. Individuals having three generations of common pedigree were excluded from the analyses. All the donors were informed regarding the purpose of the study before the collection of the blood samples and written consents were provided by the volunteers. The investigation was approved by the Human ethics committee of the Department of Zoology, University of North Bengal (Zoo/4133/2011).

Blood sample (3 ml) was taken from each volunteer by vein puncture method under the guidance of a medical practitioner and was stored in EDTA containing vials at −20 °C until use. Genomic DNA was extracted from the samples by the standard Phenol--Chloroform extraction method with slight modifications. This was followed by PCR-SSP typing for all the 10 TLRs ([Table 1](#t0005){ref-type="table"}). Primers were designed based on the conserved regions of the 10 different TLR genes using NCBI BLAST <http://www.ncbi.nlm.nih.gov/tools/primer-blast/>. Primers were supplied by the Integrated DNA Technologies, Inc, Iowa, USA.Table 1List of forward and reverse primers for the 10 TLRs in human.GenesForward primers (5′--3′)Reverse primers (3′--5′)Product size (bp)GC content (%)TmTLR1TCAACCAGGAATTGGAATACAGTTCCAGATTTGCTACAGT3824052TLR2GGATGGTTGTGCTTTTAAGTACTGAAGATCCCAACTAGACAAAGACTG267141.6755.5TLR3ATTGGGTCTGGGAACATTTCTCTTCGTGAGATTTAAACATTCCTCTTCGC79244/4057TLR4TTCTTCTAACTTCCTCTCCTGTGTTAGCTGTTCGGCTCTACTATGG108743/4758.6TLR5CATTGTATGCACTGTCACTCCCACCACCATGATGAGAGCA44645/5557.6TLR6ACAACCCTTTAGGATAGCCACTGAAACTCACAATAGGATGGCAGG39847.8356.9TLR7AGTGTCTAAAGAACCTGGCTTGGCCTTACAGAAATG5454450.5TLR8CAGAATAGCAGGCGTAACACATCAAATGTCACAGGTGCATTCAAAGGG63745.8358.4TLR9TCTAGGGGCTGAATGTGACCACAACCCGTCACTGTTGCTT11065559.8TLR10GTCGAAGACCCAATATACAGATTAAGCAATAGAACCGATG95445/3552Growth hormone (positive control)CTTCCCAACCATTCCCTTACGGATTTCTGTTGTGTTTC42447/4250.3

2.2. Statistical analysis {#s0020}
-------------------------

Neighbor-joining tree and Nei's genetic distances have been constructed using POPGENE (ver-1.32) and Phylip (ver-3.5). Chi-square calculation was done using Kyplot (ver-2.0). Principal component analysis (PCA) was done using Sigma plot (ver-13).

3. Results {#s0025}
==========

3.1. Frequency calculation {#s0030}
--------------------------

Observed frequencies of 10 TLR genes in Rajbanshi population as well as in other three populations were calculated. It has been observed that in Rajbanshi population, the frequency of TLR8 (0.894) was highest followed by TLR6 (0.882) and TLR9 (0.882) respectively ([Fig. 1](#f0005){ref-type="fig"} and [Table 2](#t0010){ref-type="table"}). When Rajbanshi population was compared with Gurkha, Muslim and Rabha populations of this region, (Communicated elsewhere) it was found that the frequency of TLR8 was highest among the Rajbanshi population. However, the frequency of TLR4 was highest in Gurkha and Rabha populations. Previously TLR1 to TLR5 genes were screened among the Rabha population [@b0050] where it was found that the frequency of TLR4 was calculated as highest and TLR5 was in least frequency. On the other hand, TLR5 was highest among Muslims (Communicated elswhere). Interestingly, the frequency of TLR2 was very low among all the four populations.Figure 1Frequency graph of ten TLR genes was constructed using Kyplot (ver-2.0) of the four populations in the North Bengal region.Table 2Observed frequencies of the 10 TLR genes in the four populations. *χ*^2^ values were also mentioned where each gene was compared between two populations for any statistical differences.Rajbanshi(RA)Gurkha(G)Rabha(R)MuslimRAXGRAXMRAXRMXGGXRRXMTLR10.8470.9280.7600.8862.7230.4011.0560.93148.020[⁎⁎](#tblfn2){ref-type="table-fn"}3.687TLR20.1760.6080.6000.57136.63[⁎⁎⁎](#tblfn3){ref-type="table-fn"}32.22[⁎⁎⁎](#tblfn3){ref-type="table-fn"}23.54[⁎⁎⁎](#tblfn3){ref-type="table-fn"}0.2290.0050.034TLR30.7290.8560.7400.9434.385[⁎](#tblfn1){ref-type="table-fn"}18.52[⁎⁎⁎](#tblfn3){ref-type="table-fn"}0.0044.691[⁎](#tblfn1){ref-type="table-fn"}2.54913.427[⁎⁎⁎](#tblfn3){ref-type="table-fn"}TLR40.7880.9680.9000.55715.569[⁎⁎⁎](#tblfn3){ref-type="table-fn"}11.33[⁎⁎⁎](#tblfn3){ref-type="table-fn"}2.04757.426[⁎⁎⁎](#tblfn3){ref-type="table-fn"}2.13417.499[⁎⁎⁎](#tblfn3){ref-type="table-fn"}TLR50.8470.9280.4600.9712.7239.99[⁎⁎](#tblfn2){ref-type="table-fn"}20.80[⁎⁎⁎](#tblfn3){ref-type="table-fn"}1.82045.051[⁎⁎⁎](#tblfn3){ref-type="table-fn"}66.880[⁎⁎⁎](#tblfn3){ref-type="table-fn"}TLR60.8820.8960.6400.9070.0070.1359.822[⁎⁎](#tblfn2){ref-type="table-fn"}0.00914.349[⁎⁎⁎](#tblfn3){ref-type="table-fn"}17.349TLR70.8700.8640.6800.9430.0042.7006.005[⁎](#tblfn1){ref-type="table-fn"}3.927[⁎](#tblfn1){ref-type="table-fn"}6.745[⁎⁎](#tblfn2){ref-type="table-fn"}20.745[⁎⁎⁎](#tblfn3){ref-type="table-fn"}TLR80.8940.8240.7000.8291.4581.3306.841[⁎⁎](#tblfn2){ref-type="table-fn"}0.00412.5912.986TLR90.8820.7840.8200.7932.7282.3640.5620.00060.10570.0424TLR100.3760.8320.5400.79344.031[⁎⁎⁎](#tblfn3){ref-type="table-fn"}37.81[⁎⁎⁎](#tblfn3){ref-type="table-fn"}2.7890.429914.6650[⁎⁎⁎](#tblfn3){ref-type="table-fn"}10.612[⁎⁎](#tblfn2){ref-type="table-fn"}[^2][^3][^4]

3.2. Chi-square analysis {#s0035}
------------------------

When Chi-square analysis was performed among the four populations, it was found that there are no significant differences between Rajbanshi and Gurkha when compared with the other two populations. There were no significant differences found for TLR1 and TLR9 when compared between the Rajbanshis and other three populations.

3.3. Genetic distance and PCA analysis {#s0040}
--------------------------------------

Genetic distance based Neighbor-joining dendrogram was constructed and interestingly, it was found that Rajbanshi, Gurkha and Muslim occupied the same cluster wherein Gurkha and Muslim population were grouped together, while the Rabhas occupied a separate cluster ([Fig. 2](#f0010){ref-type="fig"}). It was assessed from the principal component analysis (PCA) that Rajbanshi and Rabha populations are quite distantly placed in the plot whereas Muslim and Gurkha are very close to each other ([Fig. 3](#f0015){ref-type="fig"}). Nei's genetic distance was calculated by comparing Rajbanshi with three other populations and it has been found that the distance between Rajbanshi and Rabha was 0.0745, between Rajbanshi and Gurkha was 0.0685 and that between Rajbanshi--Muslim was 0.0694 ([Table 3](#t0015){ref-type="table"}).Figure 2Neighbour joining tree was constructed using POPGENE (ver-1.32) and Phylip (ver-3.5) showing relationship among Rajbanshi and three other populations.Figure 3Principal component analyses (PCA) based on observed frequencies of the 10 TLR genes in the four ethnic populations of North Bengal constructed with Sigma plot (ver-13).Table 3Nei's genetic distances among the Rajbanshi population using POPGENE (Ver-1.32) software.POP IDRajbanshiRabhaMuslimGurkhaRajbanshi**0.000**Rabha0.0745**0.000**Muslim0.06940.1557**0.000**Gurkha0.06850.09730.0526**0.000**[^5]

4. Discussion {#s0045}
=============

Modern Indian populations have originated from two ancestral populations: on one hand "Ancestral North Indians" who are genetically close to Middle Eastern, central Asians and Europeans while on the other hand, "Ancestral South Indians" who have shown proximity to East-Asians lineage [@b0080]. Rajbanshi populations are the indigenous ethnic caste population of Eastern Terai and can also be found in Assam, Bengal and Bihar states of India [@b0055]. Even today, most of the Rajbanshis are found to inhabit in Assam, Meghalaya, Tripura, Nagaland, and Manipur also [@b0090]. Herein we have made an attempt to unveil the TLR profile of this population as it one of the most widely distributed scheduled caste population of Eastern and North Eastern India.

Earlier researches have shown that environmental pathogens have modified the TLR profiles in individuals affected by various diseases like asthma and tuberculosis [@b0095], [@b0040]. The selection pressure has also modified the TLR gene pool in various populations in the world [@b0065]. Recent studies have revealed that populations of different genetic ancestry have shown convergent evolution with respect to some of the TLR genes due to the interactions with some infectious diseases like plague in a particular environmental condition [@b0065]. Sometimes polymorphism in the TLRs may also become susceptible or resistant to certain diseases [@b0005], [@b0075]. In our previous study, we found that chronic gastritis and associated stomach problems were common in Rabha population and therefore we speculated that there is a strong relationship between KIR and TLR in disease progression [@b0050]. The genetic heterogeneity among the Indian populations have put forward an immense challenge before the researchers of different fields [@b0100]. Subsequently, the strict endogamy practices in the populations of North Bengal along with the evolutionary forces have resulted in higher differences in allele frequencies between the groups, which have remained intact for thousands of years [@b0035], [@b0085].

Recently we have screened 10 TLR genes in the ethnic Rajbanshi population of North Bengal and compared with the other three populations of this region. It is interesting to find that the genetic distance between Rajbanshi and Rabha is greater than the Rajbanshi--Gurkha and Rajbanshi--Muslim respectively. But, as per anthropological and genetic records, East Asian lineages have strong influence on the genetic ancestry of Rajbanshi, Rabha and Gurkha respectively [@b0030], [@b0045], [@b0050] and Muslim population of this region showed their proximity with indigenous non Muslim population along with a small frequency of the Middle East ancestry [@b0100], [@b0035]. It was found that the Muslims, the Gurkhas and the Rajbanshis are the residents of the same locality and are therefore exposed to similar environmental effects. On the other hand, the endogamous tribal Rabha population is very much confined in their local environment. Thus the genetic closeness of Rajbanshis with Muslims and distant relationship with Rabha indicated that similar environmental pressure may be responsible for the convergent evolution and selection of the TLR gene pool among the populations inspite of their different genetic ancestry.

The principal component analyses also documented the distant positions of Rabha and Rajbanshi in the score plot while Muslim and Gurkha were close to each other. Researchers all over the world focussed their work on correlating the associations of KIR with various diseases worldwide but concrete study with respect to TLR diversities, distributions and frequencies in different populations of the World are needed on the populations especially in the region of North Bengal where various ethnic endogamous populations are residing. This was also supported by Neighbor-joining dendrogram which suggested the closeness of the Rajbanshis with Gurkhas and Muslims while showing distant relation with the Rabhas. Convergent evolution has occurred in TLR genes among the above-mentioned populations due to the sharing of similar environmental conditions. It is quite interesting to observe that although the Rajbanshi, Gurkha and Rabha populations have shared ancestry due to their emergence from a common East-Asian stock, there is no similarity in the distribution of TLR genes among them as has been recorded in our present study. However, there exist considerable similarities in the distribution of TLR genes between the Muslim and the Gurkha population who share the same environment but differ considerably in their ethnicity. This striking observation may depict the impact of environmental selection on the distribution of TLR genes. Such influences of the environment on TLR distribution may depend on the constant presence of specific pathogens present in respective environment. Thus, it may be assumed that TLR genes play a significant role in shaping the genetic ancestry of the above mentioned populations from North Bengal region of India as well as in determining disease exposure in these populations.

5. Conclusion {#s0050}
=============

It is also sensible to say that this work is a pioneer work done in the above-mentioned populations on TLRs and diversity study which must be needed around the world on different populations. Such works on TLRs diversity in different populations are very much essential to understand the disease susceptibility and the phenomenon by which local environment creates pressure to change the frequencies and genetic makeup of TLRs.
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